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(54) ENDOSCOPIC DEVICE 

(57)Abstract: 

PURPOSE: To provide an endoscopic device 
capable of restraining deterioration in light 
receiving sensitivity of a CCD due to obliquely 
incident light. 

CONSTITUTION: An optical image-pickup 
system 8a is provided on the leading edge hard 
part 8 of an endoscope. The optical image- 
pickup system 8a is equipped with the CCD 9 
having many image-pickup elements arranged on 
an image-pickup surface Fa, and an objective 
optical system 1 0 by which a beam of light is 
made incident on the surface Fa. Micro lenses 
9a... are individually provided on the surface Fa 
by every image-pickup element, and a cover 
glass is joined on an incident surface side. The 
objective optical system 1 0 is equipped with an 

objective lens part 12 receiving the reflected light beam Bn of the object (a 
concave lens 16, a diaphragm 17, and an achromat lens 18), a filter part 13 
arranged on an exiting side (a crystal filter 19 and a color correction filter 20) and 
a prism 14. A plano-convex lens 15 is provided between the prism 14 and the' 
cover glass 1 1, and the light beam Bn obliquely enters the surface Fa is aligned in 
a direction in parallel with the normal line of the surface Fa or a direction nearly in 
parallel with the normal line. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2-**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]An endoscope apparatus comprising provided with an optical imaging 
system which has an endoscope scope and changes a reflected ray from a 
photographic subject into an electrical signal for images at a tip part of this 
endoscope scope: 

An objective optical system which has arranged at least an object lens which has a 
medial axis parallel to shaft orientations of the above-mentioned endoscope scope 
in the above-mentioned optical imaging system. 

A solid imaging array which has an acceptance surface which receives a beam of 
light from the objective optical system, and has arranged many image sensors in 
the shape of a lattice to the acceptance surface. 

[Claim 2]The endoscope apparatus according to claim 1 with which said optical 
path changing means had a lens part arranged on the same axle at a medial axis of 
a normal line direction of an acceptance surface of said solid imaging array, and 
this lens part was provided with a curved surface of at least one convex shape. 
[Claim 3]The endoscope apparatus according to claim 2 which set up curvature of 
said curved surface according to a grade of said incidence angle. 
[Claim 4]The endoscope apparatus according to claim 3 which said lens part 
consisted of planoconvex lenses, and formed said curved surface in a convex of 
the planoconvex lens concerned. 

[Claim 5]The endoscope apparatus according to claim 3 with which a normal line 
direction of the acceptance surface has arranged said solid imaging array in a 
position used as a direction which abbreviated-intersects perpendicularly with the 
above-mentioned shaft orientations. 

[Claim 6]The endoscope apparatus according to claim 5 which said objective 
optical system equipped the emission face side of that object lens with prism in 
addition to said object lens, and has arranged the emission face side of the two 
bottoms of this prism at the same axle to a medial axis of a normal line direction of 
an acceptance surface of said solid imaging array. 

[Claim 7]The endoscope apparatus according to claim 6 which said lens part 
consists of planoconvex lenses, and said curved surface is formed in a convex of 
the planoconvex lens concerned, and is in a state which counters an acceptance 
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surface of said solid imaging array, and arranges the convex side, and joins the 
flat-surface side of the above-mentioned planoconvex lens to an emission face of 
said prism. 

[Claim 8]The endoscope apparatus according to claim 6 which said lens part is 
carried in said prism at one. and formed said curved surface in an emission face of 
the prism concerned. 

[Claim 9]The endoscope apparatus according to claim 6 which joined a cover glass 
to an acceptance surface of said solid imaging array. 

[Claim 10]The endoscope apparatus according to claim 9 which said lens part is 
carried in said cover glass at one, and formed said curved surface in an entrance 
plane of the cover glass concerned. 

[Claim 11]The endoscope apparatus according to claim 10 which said lens part is 
carried in said cover glass and prism at one, and formed said curved surface in 
each of an entrance plane of a cover glass, and an emission face of prism 
individually. 

[Claim 12]The endoscope apparatus according to claim 1 which provided a micro 
lens for condensing in an acceptance surface of said solid imaging array for every 
image sensor of said large number. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial ApplicationjThis invention relates to the arrangement structure of the 
optical imaging system which starts an endoscope apparatus, especially is arranged 
at the tip part of an endoscope scope. 
[0002] 

[Description of the Prior Art]Generally, the optical imaging system which used 
CCD (a solid state image pickup device, a solid imaging array) for the tip part of 
the endoscope scope is carried in the endoscope apparatus. This optical imaging 
system is the composition provided with the objective optical system which makes 
the acceptance surface of CCD and CCD which have a photo-diode (image 
sensor) equivalent to many pixels condense light at least, and can enter now the 
reflected ray from a photographic subject into the imaging surface of CCD. 
[0003]By the way, on the other hand in connection with technical progress, such 
as a miniaturization of CCD, and multi-pixel-izing, it is in the tendency for the area 
of the opening (light-receiving field) of each photo-diode to also become small in 
recent years. The reduction of this opening means the fall of light-receiving 
sensitivity. Then, the art of equipping the imaging surface side of CCD with the 
micro lens for condensing has been established in order to raise light-receiving 
efficiency. For example, each photo-diode of CCD is individually equipped with a 
micro lens, and what collects lights for every micro lens of that is known by this 
art. 
[0004] 

[Problem(s) to be Solved by the InventionjHowever, although an objective optical 
system and CCD are arranged to the limited space in a tip part in above- 
mentioned conventional technology by the restrictions on tip structure. Since it 
was not the composition that he was conscious of especially the size of the 
incidence angle to the beam of light which enters into the acceptance surface of 
CCD, there was inconvenience as follows. 

[0005]For example, since the optical imaging system of an endoscope apparatus 
usually has the restrictions which reflected the request of the miniaturization in an 
objective optical system, each size of CCD, the both clearance, etc. compared with 
other imaging devices (a television camera, a video camera, etc.) which use CCD, 
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Generally the incidence angle of the beam of light by the side of the end of the 
acceptance surface of CCD is large. That an incidence angle is large means being 
easy to be influenced by reflective etc. Therefore, there was a problem that the 
light-receiving sensitivity in the opening of each photo-diode also fell. 
[0006]When especially this problem applies the above-mentioned art in which the 
micro lens was used, as it is to the optical imaging system of an endoscope 
apparatus, becoming much more remarkable is ****(ed). 

[0007]For example, as shown in drawing 8 (a), when the incidence angle of the 
beam of light Bn is small (it is hereafter called "vertical incidence" for 
convenience). When the beam of light Bn enters almost vertically to the 
acceptance surface 100a of CCD100, for a reason, the beams of light Bn from the 
micro lens 101 gather for the opening 102 of a photo-diode. 

[0008] However, as shown in drawing 8 (b). when the incidence angle of the beam of 
light Bn is large (it is hereafter called "oblique incidence" for convenience). Since 
the beam of light Bn enters aslant to the acceptance surface 100a of CCD 100, a 
part of beams of light Bn exceeding the permissible incidence angle of the micro 
lens 101 come to gather for the position which is outside separated from the 
opening 102 of a photo-diode via the macro lens 101. Therefore, there was a 
problem that light-receiving sensitivity fell, so that the grade of oblique incidence 
was large. 

[0009]This invention was made in consideration of the problem of the conventional 
technology mentioned above, and an object of this invention is to provide the 
endoscope apparatus which can control the fall of the light-receiving sensitivity of 
CCD by oblique incidence. It aims at providing the suitable endoscope apparatus 
for CCD using a micro lens. 
[0010] 

[Means for Solving the Problemjin order to make the above-mentioned purpose 
attain, an endoscope apparatus concerning the invention according to claim 1 is 
provided with an optical imaging system which has an endoscope scope and 
changes a reflected ray from a photographic subject into an electrical signal for 
images at a tip part of this endoscope scope. A solid imaging array which has an 
objective optical system which has arranged at least an object lens which has a 
medial axis parallel to shaft orientations of an endoscope scope, and an 
acceptance surface which receives a beam of light from that objective optical 
system in this optical imaging system, and has arranged many image sensors in the 
shape of a lattice to it in that acceptance surface is provided. An optical path 
changing means which makes a beam of light which enters into an acceptance 
surface aslant turn to between an objective optical system and a solid imaging 
array at the medial-axis side of an acceptance surface according to a grade of the 
incidence angle is established. 

[001 1]In the invention according to claim 2, said optical path changing means has a 
lens part arranged on the same axle at a medial axis of a normal line direction of an 
acceptance surface of a solid imaging array. This lens part is provided with a 
curved surface of at least one convex shape. 

[0012]In the invention according to claim 3, curvature of said curved surface was 
set up according to a grade of an incidence angle. 
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[0013]In the invention according to claim 4, said lens part consisted of 
planoconvex lenses, and formed said curved surface in a convex of a planoconvex 
lens. 

[0014]In the invention according to claim 5, a normal line direction of the 
acceptance surface has arranged said solid imaging array in a position used as a 
direction which abbreviated-intersects perpendicularly with the above-mentioned 
shaft orientations. 

[0015]In addition to an object lens, in the invention according to claim 6, said 
objective optical system equipped the emission face side of the object lens with 
prism. The emission face side of the two bottoms of this prism has been arranged 
at the same axle to a medial axis of a normal line direction of an acceptance 
surface of a solid imaging array. 

[0016]In the invention according to claim 7, said lens part consisted of 
planoconvex lenses, and formed said curved surface in a convex of a planoconvex 
lens. This planoconvex lens joins the flat-surface side of the planoconvex lens 
concerned to an emission face of said prism in the state of countering an 
acceptance surface of said solid imaging array, and arranging that convex side. 
[0017]In the invention according to claim 8, said lens part is carried in prism at 
one, and formed said curved surface in an emission face of prism. 
[0018]In the invention according to claim 9, a cover glass was joined to an 
acceptance surface of said solid imaging array. 

[0019]In the invention according to claim 10, said lens part is carried in a cover 
glass at one, and formed said curved surface in an entrance plane of a cover glass. 

[0020]In the invention according to claim 11, said lens part is carried in a cover 

glass and prism at one, and formed said curved surface in each of an entrance 

plane of a cover glass, and an emission face of prism individually. 

[0021]In the invention according to claim 12, a micro lens for condensing was 

provided in an acceptance surface of said solid imaging array for a majority of 

every image sensors. 

[0022] 

[Function]In the endoscope apparatus concerning the invention according to claim 
1 to 12, the optical path change of the beam of light which enters aslant is carried 
out to the medial-axis side of an acceptance surface by the optical path changing 
means according to the grade of the incidence angle between an objective optical 
system and a solid imaging array. That is, the beam of light which goes to the 
acceptance surface of a solid imaging array enters, where the incidence angle is 
arranged with an angle almost parallel to the medial axis of an acceptance surface, 
or near in parallel. 

[0023]For example, the optical path change of the beam of light which goes to an 
acceptance surface is carried out via at least one convex curved surface by the 
lens part as an optical path changing means. 
[0024] 

[ExamplejThe endoscope apparatus hereafter shown in drawing 1 which describes 
one example of this invention based on drawing 1 - drawing 4 is provided with the 
endoscope scope 1 which can be inserted into the abdominal cavity, and the 
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device main frame 2 to which the endoscope scope is connected. Each systems (a 
control system, an optical system, an image processing system, a display system, 
etc.) which are carried in the device main frame 2 at the usual endoscope 
apparatus and which are not illustrated are built in one. 

The endoscope scope 1 is made to drive by the necessary operation of each of 
these systems, an endoscope image is acquired, and the endoscope image is 
displayed on monitor display. 

[0025]It has the final controlling element 4 for the endoscope scope 1 to support 
the drive of the insert portion 3 inserted into the abdominal cavity, and the insert 
portion 3 which it was connected to the device main frame 2 side of that insert 
portion 3, and was inserted into the abdominal cavity from an external position, and 
this final controlling element 4 is connected to the device main frame 2 via the 
universal cord 5. The insert portion 3 is provided with the existing body part 6 of 
the flexibility connected to the final controlling element 4, the angle part 7 which is 
connected to this body part 6 and which can be curved, and the tip hard portion 8 
arranged at the tip side of this angle part. 

[0026]CCD(it is equivalent to solid imaging array of this invention) 9 which the tip 
hard portion 8 has the optical imaging system 8a as shown in drawing 2 . and has 
the image sensors (photo-diode etc.) which are equivalent to the optical imaging 
system 8a at many pixels, CCD9 which has equipped the objective optical system 
10 to which the imaging surface (acceptance surface) Fa of this CCD9 is made to 
carry out image formation of the optical image, The opening (light sensing portion) 
of many image sensors has the planate imaging surface Fa arranged in the shape 
of a lattice, and it is arranged in the state where the shaft orientations of the 
endoscope scope 1 and the normal line direction of the imaging surface Fa 
abbreviated-cross at right angles (it is hereafter called "horizontal arrangement" 
for convenience). Micro lens 9a for two or more condensing which is equivalent to 
the number of image sensors in the imaging surface Fa of CCD9. — 9a is arranged 
in the shape of a lattice for every image sensor. 

This micro lens 9a. — The cover glass 1 1 for tabular protection is stuck on the 
entrance plane side of 9a at the medial axis 01 and the same axle of the normal 
line direction of CCD9. 

The beam of light Bn which penetrated this cover glass 1 1 is the micro lens 9a. — 
It is individually brought together in each image sensor on the imaging surface Fa 
via 9a. 

[0027]The objective lens part 12 as an entrance window of the beam of light Bn 
with which the objective optical system 10 bears the information on the optical 
image of a photographic subject, The optical filter part 13 which makes only the 
prescribed wavelength ingredient of the beam of light Bn from this objective lens 
part 12 penetrate, The prism 14 into which the optical path of the beam of light Bn 
from this optical filter part 13 is made to change at the imaging surface Fa side of 
CCD9, It has the planoconvex lens (it is equivalent to the optical path changing 
means of this invention) 15 which makes the optical path of the beam of light Bn 
from this prism 14 change into a state parallel to the normal line direction of the 
imaging surface Fa, or near in parallel according to that angle. 
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[0028]The concave lens 16 which is allocated almost in parallel with the tip surface 
8b of the tip hard portion 8 as for the objective lens part 1 2, The outgoing radiation 
side of the beam of light Bn which penetrated this concave lens 16 is equipped 
with the diaphragm 1 7 for light volume regulation allocated in the medial axis 02 
and the same axle of the concave lens 16, and the achromatic lens 18 for 
chromatic aberration correction (AKUROMA tick lens). The achromatic lens 18 
inserts the two lenses 18a, i.e., concave lenses, and convex lenses 18b in one, and 
can amend now a gap of the image formation position by the difference in the 
wavelength component of the beam of light Bn. 

[0029]The optical filter part 13 is provided with the color compensating filter 20 
joined by the crystal filter 19 allocated in the medial axis 02 and the same axle of 
the objective lens part 12, and the emission face of this crystal filter 19. The 
crystal filter 19 removes the color alias produced by CCD. When the color 
compensating filter 20 performs an infrared laser therapy at a clinical place, for 
example using an endoscope apparatus. The output signal for the images from 
CCD9 is saturated with the infrared rays from infrared laser, it is inserted in order 
for the endoscope image displayed on monitor display to prevent the situation 
which becomes observation impossible, and the infrared rays of the beams of light 
Bn from the crystal filter 19 are removed. 

[0030]The prism 14 is inserted corresponding to horizontal arrangement of CCD9, 
on the other hand (entrance plane), inside [ it is the two bottoms ] is joined by the 
emission face of the color compensating filter 20, and another side (emission face 
Fb) is arranged at the medial axis 02 and the abbreviated same axle of the normal 
line direction of CCD9. [ of the imaging surface Fa ] This prism 14 changes the 
optical path of the beam of light Bn which met almost in parallel with the shaft 
orientations from the color compensating filter 20 in the direction which goes to 
the imaging surface Fa side of CCD9. 

[0031]The planoconvex lens 15 is inserted in the state where it is arranged at the 
medial axis 01 and the same axle of a normal line direction of the imaging surface 
Fa, between the imaging surfaces Fa of the emission faces Fb and CCD9 of the 
prism 14. 

The flat surface which is one lens side of the two lens sides is joined by the 
emission face Fb of the prism 14, and the convex which is a lens side of another 
side counters the cover glass 1 1, and is arranged. 

The convex curvature radius is set as the proper value which took into 
consideration the calculation result of the simulation by ray tracing described 
below with the refractive index of the lens itself. 

[0032]Here, the example of setting out of the planoconvex lens 15 is explained 
based on drawi ng 3 and drawing 4 . 

[0033]The ray-tracing figure shown in drawing 3 and drawing 4 shows the result of 
the simulation under the conditions set up typically for convenience, and as the 
setups, CCD9 arranged at the objective lens part 12 of the above-mentioned 
objective optical systems 10, and the medial axis and the abbreviated same axle of 
the objective lens part 12 (it is hereafter called "vertical arrangement" for 
convenience) is adopted. 

[0034]This simulation calculates the incidence angle theta of the beam of light Bn 
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in the imaging surface Fa of CCD9 by changing the direction of the beam of light 
Bn entered in the optical lens part 1 2. Here, if the suitable incidence angle theta is 
in the range smaller than value thetaa suitably and the proper value thetaa is 
exceeded, it is beforehand known on the characteristic owner of CCD that the 
reflectance on the imaging surface Fa will become high, and light-receiving 
sensitivity will fall. In the case of CCD9 equipped with a micro lens. Suitably, if 
value thetab becomes still smaller than the above-mentioned proper value thetaa 
(thetab<thetaa) and the proper value thetab (for example, about 6 times) is 
exceeded, I am beforehand known [ which light-receiving sensitivity falls strongly in 
response to the fact that the influence of oblique incidence ] about the suitable 
incidence angle theta on the characteristic of CCD. 

[0035]First, when it is the same as usual, the case where the planoconvex lens 15 
is not formed between the objective lens part 12 and the imaging surface Fa of 
CCD9 is explained based on drawing 3 . 

[0036]According to the ray-tracing figure shown in drawing 3 . the incidence angle 
theta of the beam of light Bn showed the minimum in the center section XO of the 
imaging surface Fa, becomes large one by one toward the end of the center 
section XO to both sides, and showed maximum thetamax (about 25 degrees) by 
the both endmost parts XI and XI. The field of the imaging surface Fa in CCD9 
which this maximum thetamax equipped with the micro lens which exceeds value 
thetab (about 6 times) substantially suitably and by which the conditions of the 
suitable incidence angle theta are fulfilled was only near center-section XO. This 
calculation result was not preferred on use for large CCD of value thetaa suitably. 
[0037]Next, the case where the planoconvex lens 15 is formed is explained based 
on drawing 4 . 

[0038]According to the ray-tracing figure shown in draw ing 4. maximum thetamax 
shown by the both endmost parts XI of the imaging surface Fa and XI is the 
almost same value (about 6 times) as the above-mentioned proper value thetab, 
and the incidence angle theta of the beam of light Bn was small [ about 1/4 ] 
compared with the above-mentioned maximum. Therefore, even if it was CCD9 
which equipped with the small micro lens of value thetab not to mention CCD9 
[ large ] of value thetaa suitably, fulfilling the conditions of the incidence angle 
theta with all the almost preferred fields of the imaging surface Fa was checked. It 
was checked by changing the refractive index of the planoconvex lens 15, and the 
curvature of the convex according to the grade of the incidence angle of a beam of 
light that maximum thetamax can be set as the conditions of the suitable incidence 
angle theta. 

[0039]The refractive index of the lens itself and convex curvature are set as the 
range from which the planoconvex lens 1 5 concerning this example serves as the 
suitable incidence angle theta according to the grade of the incidence angle of the 
beam of light Bn on CCD9 of the tip hard portion 8, and the arrangement condition 
of the objective optical system 10 based on the calculation result of the above- 
mentioned simulation. 

[0040] By the above-mentioned setting out, by this example, the beam of light Bn 
from the prism 14 of the objective optical system 10, Just before entering into the 
cover glass 1 1 , according to the degree of incidence angle, it changes an optical 
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path change into a more nearly vertically near state (direction near [ a normal line 
direction ] an abbreviated rectangular cross or a rectangular cross) to the imaging 
surface Fa of CCD9 with the planoconvex lens 15. 

[0041]Therefore, the beams of light arranged with the vertical or vertically near 
state to the imaging surface Fa of CCD9 are the cover glass 1 1 and the micro lens 
9a. — As it gathers for the opening of each image sensor of the imaging surface 
Fa via 9a, in order to enter, The fall of the light-receiving sensitivity of CCD by 
oblique incidence can be controlled substantially. Since the optical path change of 
the beam of light exceeding especially the permissible incidence angle of a micro 
lens is carried out just before entering into a micro lens, Where the function of a 
micro lens is exhibited to the maximum extent, CCD of a multi pixel can be utilized, 
the resolution of an endoscope image also improves, and the diagnosing efficiency 
of the endoscopy carried out while checking the picture of high resolution in this 
way in monitor display also comes to improve substantially. 

[0042]Since it enters at a suitable angle with the planoconvex lens 15 just before 
the beam of light Bn enters into CCD9, the lens diameter of the objective lens part 
12 can be made small as being arranged at the incidence side of the planoconvex 
lens 15 as it is few. This means that the endoscope scope 1 which carried out 
horizontal arrangement of CCD9 can be designed more to a narrow diameter, and 
the part from which the endoscope scope 1 inserted became a narrow diameter, 
and the pain at the time of an inspection come to be substantially reduced for a 
**** person. 

[0043]Although the above-mentioned example is considered as the composition 
which equipped CCD with the micro lens, the endoscope apparatus concerning this 
invention may be CCD which is not necessarily limited to this composition and 
does not equip with a micro lens. Also in this case, the incidence angle of the beam 
of light in an imaging surface is substantially improved with a planoconvex lens, and 
the image quality of an endoscope image improves. The lens diameter of the 
objective lens part 12 can be made small at least, and narrow diameter-ization of 
the endoscope scope 1 which carried out horizontal arrangement of CCD9 can be 
attained. 

[0044]Although the above-mentioned example is considering CCD as the 
composition which carried out horizontal arrangement, the endoscope apparatus 
concerning this invention may not necessarily be limited to this composition, and 
may be vertical arrangement, for example like the above-mentioned simulation 
( drawing 3 and drawing 4 ). 

[0045]Although the above-mentioned example is considered in addition as the 
composition which forms prism corresponding to horizontal arrangement of CCD, 
the endoscope apparatus concerning this invention may not necessarily be limited 
to this composition, and may be a reflective mirror, for example. 
[0046]Next, the 1~3rd modifications that explain the 1-3rd modifications of this 
invention based on drawing 5 - drawing 7 carry out the partial change of the 
composition of the optical imaging system 8a concerning the above-mentioned 
example, and carry it out. in the drawing top shown in draw ing 5 ~ drawing 7 here - 
- The micro lens 9a of the above-mentioned example — 9a is omitted for 
convenience, and numerals same about a component the same as that of the 
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above-mentioned example or equivalent or equivalent are attached, and simple in 
the explanation — or it omits. 

[0047]The optical imaging system eight a1 concerning the 1st modification shown 
in drawing 5 has the composition that the planoconvex lens 15 of the above- 
mentioned example was omitted. 

The emission face Fb of the prism 14a of the objective optical systems 10a was 
formed in the convex, and the curvature of this convex is set up on a par with the 
curvature of the convex of the above-mentioned planoconvex lens 15. 
Other composition is equivalent to the above-mentioned example. 
[0048]Therefore, the 1 st modification is written with the composition which 
provided the function equivalent to the curved surface of the above-mentioned 
planoconvex lens 15 in the emission face Fb of the prism 14a, and, in addition to an 
effect equivalent to the 1st example, can simplify the equipment configuration of 
the part which becomes unnecessary [ a planoconvex lens ], and a tip hard portion. 

[0049]The optical imaging system eight a2 concerning the 2nd modification shown 
in drawing 6 has the composition that the planoconvex lens 15 of the 1st example 
was omitted. 

The entrance plane of the cover glass 1 lb was formed in the convex, and the 
curvature of this curved surface is set up on a par with the curvature of the 
convex of the above-mentioned planoconvex lens 15. 
Other composition is equivalent to the above-mentioned example. 
[0050]Therefore, the 2nd modification is written with the composition which 
provided the function equivalent to the convex of the above-mentioned 
planoconvex lens in the entrance plane of the cover glass lib, and, in addition to 
an effect equivalent to the above-mentioned example, can simplify the equipment 
configuration of the part which becomes unnecessary [ a planoconvex lens ], and a 
tip hard portion. 

[0051]In addition to the composition of the above-mentioned example, the optical 
imaging system eight a3 concerning the 3rd modification shown in drawing 7 forms 
the entrance plane of the cover glass 11c in a convex. Since this composition is 
equivalent to GGD9 and the composition which provided two planoconvex lenses 
between the prism 14, compared with the above-mentioned example using the one 
planoconvex lens 15, the curvature radius of the planoconvex lens (one sheet is 
made to serve a double purpose with a cover glass) is set up greatly (gently). 
Other composition is equivalent to the above-mentioned example. Here, the 
planoconvex lens 15c by the side of prism may be composition which makes a 
convex the emission face Fb of the prism 14a like the 1st modification of the 
above. 

[0052]Therefore, the 3rd modification is written with the composition which formed 
the cover glass or prism which has a function equivalent to two planoconvex 
lenses in which the curvature radius was set up more greatly than the above- 
mentioned example, or the convex of the planoconvex lens, In addition to an effect 
equivalent to the above-mentioned example, the distance between CCD and prism 
can be set up small and a design range of choice can be extended further. 
[0053]Although this invention relates to an endoscope apparatus, the important 
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section composition of the optical imaging system of this invention is applicable to 
other small imaging devices which are easy to receive the restrictions about the 
size of an objective optical system and CCD, or arrangement as it is by the 
request of a miniaturization. 
[0054] 

[Effect of the InventionjAs explained above, in the endoscope apparatus 
concerning the invention according to claim 1 to 12. It writes with the composition 
by which an optical path change is carried out for the beam of light which enters 
aslant to the medial-axis side of an acceptance surface according to the grade of 
the incidence angle between an objective optical system and a solid imaging array, 
what is called oblique incidence is almost canceled, and the fall of the light- 
receiving sensitivity of the solid imaging array by the conventional oblique 
incidence can be controlled substantially. Especially this effect is further 
heightened by the case where the solid imaging array using the micro lens which is 
easy to be influenced by oblique incidence is adopted. By almost canceling oblique 
incidence, the range of choice of designed sizes, such as a lens diameter of an 
objective optical system, becomes much more flexible towards miniaturization, and 
narrow diameter-ization of an endoscope scope can be attained. 



[Translation done.] 
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